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Role of Local Metal-Site Interactions and Bulk Protein Restraints in the
Thermodynamics of Zinc Binding to a Zinc Finger Protein
Purushottam Dixit, Dilip Asthagiri.
Johns Hopkins University, Baltimore, MD, USA.
To gain analytical insights into metal binding to proteins, we express the effec-
tive Hamiltonian of an ion binding site in a protein as a combination of the re-
straints from the protein and the instrinsic vacuum Hamiltonian of the ion
bound site. The protein restraints are described by the elastic network mode
and the vacuum Hamiltonian of the ion bound site is a generalized Hessian.
The resultant of the addition of the two quadratic forms is recast as a pure qua-
dratic form. The free energy of the ion bound protein is analytical. We apply
our model to the zinc finger peptide. The model quantitatively captures thermo-
dynamics of Zn2þ preference over its competitors Fe2þ, Co2þ, Ni2þ, and
Cd2þ in the protein binding site. We predict that a binding site with minimal
protein restraints will select for Zn2þ better than a zinc finger peptide over
Fe2þ and Ni2þ while the preference for Zn2þ over Cd2þ and Co2þ will
be diminished. We show that the inspecting the interplay between the instrinsic
modes of vibrations of the the ion-site cluster and the restraints from the pro-
teins provides a platform for completely analytical and rigorously thermody-
namic design principles for metalloproteins.
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Folding Thermodynamics and Kinetics of Lambda-Repressor from All-
Atom Molecular Dynamics Simulations
Yanxin Liu, Johan Strumpfer, Peter L. Freddolino, Martin Gruebele,
Klaus Schulten.
University of Illinois at Urbana-Champaign, Urbana, IL, USA.
The five-helix bundle lambda repressor fragment (l6-85) is a fast-folding pro-
tein. A length of 80 residues puts it on the large end among all known fast
folders, and hence its size poses a computational challenge for molecular dy-
namics (MD) studies. We simulated the folding of l6-85 in explicit solvent using
an all-atommodel. By means of a single copy tempering method, adaptive tem-
pering sampling, we observed folding, unfolding, and refolding of l6-85 in a 6-
microsecond long trajectory. The best root mean square deviation (RMSD) rel-
ative to the crystal structure native state arising in the trajectory was 1.8 A˚.
Thermodynamic quantities, such as heat capacity and transition temperature
of the protein, were calculated from the simulation and compared with exper-
iment. The folding kinetics was investigated through a set of equilibrium MD
simulations at different temperatures that together covered more than 100 mi-
croseconds. The protein was seen to fold into the native-like topology with
RMSD relative to the crystallographic structure of less than 4 A˚. Folding path-
way and several folding intermediates were identified through cluster analysis.
The simulations suggest a new fast-folding 4-helix truncation waiting to be
tested in experiment.
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The mechanistic interpretation of continuous molecular dynamics time series
faces well-understood challenges, primarily obtaining a statistically significant
number of folding trajectories under a sufficiently accurate force field. To avoid
some of these limitations, here we use discontinuous sampling over the folding
reaction coordinate (umbrella sampling) with a greatly simplified protein
model (three beads per amino acid), in implicit solvent. Such approaches
give thermostatistics that are consistent with a given force field, but a specific
mechanism is not (rigorously) directly inferable from thermodynamic data.
Here we present some strategies towards calculating kinetic observables
from discontinuously sampled data. We use the concept of foldons, and the
assumption of a universal, maximum folding rate, to assign folding mecha-
nisms with explicit kinetics.
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Characterizing Structural and Dynamical Impacts of Agonist- and
Antsgonist-Stabilized Mutants of the Estrogen Receptor
Christopher G. Mayne, John A. Katzenellenbogen, Emad Tajkhorshid.
University of Illinois at Urbana-Champaign, Urbana, IL, USA.
The estrogen receptor (ER) is a ligand-regulated transcription factor belonging
to the nuclear receptor superfamily and is involved in numerous physiologicaland disease states, most notably breast cancer. Extensive mutational studies
have identified several point mutations within the binding domain that stabilize
agonist and antagonist functional states and allow for structural characteriza-
tion of the ER in these states. Characterizing differential dynamics of these mu-
tants and wildtype ER, therefore, can be used as a way to understand the nature
of conformational changes induced by binding of each class of ligands and to
characterize the impact of specific residues on the overall functional state of the
receptor.
Equilibrium molecular dynamics (MD) simulations of the agonist-stabilized
Y537S structure have revealed the formation of a new hydrogen bond (S537-
D351), but challenged the role of solvent exposure for hydrophobic residues
in the enhanced stability of the mutant structures, as has been suggested based
on x-ray structures. Furthermore, we have observed the formation of transient
hydrogen bond networks surrounding the base of critical helix 12 (H12) that
were not observable from static structures. Steered MD (SMD) simulations
have also shown different unbinding modes of H12 upon applying a force per-
pendicular to the length of the helix.
Analysis of the antagonist-stabilized L536S structure indicated that the muta-
tion resulted in a 157-degree rotation of the mutated residue, repositioning
the preceding flexible loop into an ordered conformation against the protein
surface. Attempts to replicate this effect in silico by mutating the WT structure
of ER-bound hydroxytamoxifen and simulating for 20 ns resulted in only a
partial rotation of the loop. Applying a harmonic force to slowly complete
the rotation of the S536 psi angle revealed a significant energy barrier to obtain
the final mutant conformation.
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Min-Yeh Tsai1,2, Jian-Min Yuan3, Yoshiaki Teranishi2, Sheng-Hsien Lin2.
1National Taiwan University, Taipei, Taiwan, 2National Chiao Tung
University, Hsinchu, Taiwan, 3Drexel University, Philadelphia, PA, USA.
Analyzing experimental data of thermodynamic properties of proteins reveals
large discrepancies existing between data obtained using different experimen-
tal methods, for example, those obtained by spectroscopy methods and those
by calorimetry. The interpretation is that some experimental methods probe
local or site-specific properties of protein, others probe global properties. To
develop a statistical mechanical model for site-specific properties of proteins
we extend the Wako-Saitoˆ-Mun˜oz-Eaton (WSME) model by introducing
a set of site-dependent parameters, Ti, which has a mid-point temperature
interpretation. This model has been applied to the GB1 C-terminal b-hairpin,
which has also been investigated using Molecular Dynamics (MD) simula-
tions. Our MD results support the novel modification to the WSME
model by providing reasonable insight into the local thermodynamic behavior
of the system. Furthermore, our model is equivalent to a statistical mechanical
formulation of the foldon behavior, identified by Englander, et al in hydrogen-
exchange (HX) experiments and other experimental techniques, e.g., absorp-
tion spectroscopy (Abs), circular dichroism (CD), small angle x-ray scattering
(SAXA), etc. Using the simple b-hairpin model as an example, we hope to
illustrate that our model is generally useful for the interpretation of site-
dependent thermodynamic properties of proteins as well as for the study of
protein folding.
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Chemical and thermal denaturation has been widely used in order to investigate
the folding processes of proteins in vitro. However, a comprehensive under-
standing of relationship between chemical and thermal perturbations of pro-
teins at molecular level has been challenging. Here, we have used combined
computational and experimental approaches to investigate the denaturing effect
on structurally different, unrelated proteins. We have identified a linear rela-
tionship between thermal denaturation and chemical denaturation through the
stability of protein folding (DG) by relating the dependence of DG on temper-
ature in the Gibbs-Helmholtz equation and that of DG on urea concentration in
the linear extrapolation method.We have tested this relationship on apoazurin,
cytochrome c and apoflavodoxin by examining their structural similarities of
the ensembles perturbed by chemical versus thermal means using coarse-
grained molecular simulations at a broad range of urea concentration and
